Because it is not possible to monitor skin cancer accurately using routine methods, special surveys have been undertaken in Nambour, a typical subtropical community in Queensland, Australia. Estimates of incidence reported here are based on skin cancers medically treated between 1985 and 1992 and new cases diagnosed by dermatologists in two examination clinics in 1986 and 1992. Among men and women aged 18-69 years in 1986, age-adjusted incidence rates of basal cell carcinoma were 2,074 and 1,579 per 100,000 per year, respectively-the highest incidence rates of a specific cancer ever reported. Squamous cell carcinoma occurred at half the rate of basal cell carcinoma among men and at about one third the rate among women. Although as expected, fair skin, a history of repeated sunburns, and nonmalignant solar skin damage diagnosed by dermatologists were strongly associated with both types of skin cancer, outdoor occupation was not. Significant self-selection was observed among outdoor workers, whereby people with fair or medium complexions and a tendency to sunburn were systematically underrepresented among those in long-term outdoor occupations although they accounted for more than 80 percent of the community study sample. The mitigating effect of this selection bias may partly explain the paradox of the lack of quantitative evidence of a causal link between sun exposure and skin cancer in humans. Am J Epidemiol 1996;144:1034-40. bias (epidemiology); cohort studies; incidence; risk factors; skin neoplasms
The geographical distribution of health and energy depends on climate and weather, more than on any other single factor. The well known contrast between the energetic people of the most progressive parts of the temperate zone, and the inert inhabitants of the tropics ... is largely due to climate. (1, p. 4) In any white-skinned population, routine monitoring of the most common cancers, basal and squamous cell carcinomas (BCCs and SCCs, herein termed skin cancer) is difficult; and this is particularly so in high-risk populations (2) . A variable proportion of people with skin cancer never present for medical treatment because of lack of symptoms, and such cases will escape conventional means of detection altogether. Frequently there is a low level of medical and public interest since these are common, rarely fatal, easily accessible cancers, and a large proportion of clinically recognized skin cancers can be treated destructively without histologic confirmation of the diagnosis. Few cancer registries in the world routinely collect notifications of BCC and SCC, thus necessitating special surveys. The community of Nambour in subtropical southeast Queensland has been the focus of several such skin cancer surveys for more than a decade (3) (4) (5) . The first estimates of skin cancer incidence in this community, based on clinically confirmed skin cancers reported in a random sample of residents over a 2-year period, were among the highest recorded: 2,398 per 100,000 among men and 1,908 per 100,000 among women, with a BCC to SCC ratio of 4.5 to 1 (4) .
Although it is accepted that solar radiation causes skin cancer (6) , there is a paucity of quantitative evidence regarding this relation in humans. Indeed, in epidemiologic studies, characteristics associated with a sun-sensitive complexion appear to be more strongly linked to the occurrence of skin cancer than sun ex-Skin Cancer in a Subtropical Australian Population 1035 posure itself. This is partly due to the difficulty in measuring the received dose of solar ultraviolet radiation, the salient component of sunlight. Even for chronic sun exposure, which traditionally has been linked with skin cancer since the nineteenth century, epidemiologic studies show no greater than a doubling of risk relative to minimal levels of sun exposure (7) . In this paper, we present the latest estimates of skin cancer incidence in the Nambour community sample based on 6 years of follow-up; and we review the associations between development of skin cancer and various constitutional and environmental factors, focusing on the associations with occupational sun exposure.
were invited to enroll in a field trial of prevention of skin cancer. In total, 1,675 subjects received wholebody skin examinations before the start of the trial (5) and provided information about skin cancers treated between January 1991 and January 1992. In this way, reports of the occurrence of skin cancer were available for the entire period, December 1985 to March 1992, except for 4 months from September to December 1990. Incident skin cancers that were diagnosed clinically at the 1992 survey were biopsied for histologic confirmation of the diagnosis by a single dermatopathologist (D. W.), who had also examined all biopsies of suspected skin cancers diagnosed in the 1986 survey. Skin cancers diagnosed at the 1992 survey were included in the analysis.
MATERIALS AND METHODS

Participants
In 1986, a random sample of 3,000 individuals were chosen from the 5,100 persons aged 20-69 years listed on the electoral roll as residents of Nambour, Queensland, and were invited to participate in a skin cancer survey (3). Enrollment is compulsory for Australian citizens aged 18 years or older, and only about one in 20 aged 20-30 years and beyond that, one in 50 are not enrolled. A total of 2,095 adults attended an initial skin cancer survey in December 1986, an overall 70 percent response from the electoral sample of 3,000 and a 78 percent response rate among permanent residents (3) . By following up a random sample of nonresponders, the survey population was shown to be representative of the Nambour population with respect to distribution of major risk factors for skin cancer (3) . Experienced dermatologists examined all participants for prevalent skin cancer (with histologic confirmation) on the head, neck, and upper limbs; and a random sample (10 percent) received whole-body skin examinations. Of these residents, 1,770 participated in a November 1987 postal survey regarding any skin cancer treatments in the 2-year period of December 1985 to November 1987. Preliminary estimates of skin cancer incidence rates were based on these returns, but these were underestimates since skin cancers prevalent in December 1986 were not included in the analyses (4). Subsequently, records of skin cancer occurrence have been obtained for an additional 10 subjects for the 1985-1987 period, and prevalent skin cancers diagnosed at the 1986 survey in 35 persons have been included in this period. Information about skin cancers treated between December 1987 and August 1990 was obtained through an additional postal survey. In February and March 1992, all participants in the 1986 survey who could be contacted
Data collection
During clinical examination in the 1986 survey, as well as the recording of numbers and location of skin cancers, dermatologists documented subjects' hair color, number of raised and flat nevi on the hands and arms, and signs of solar skin damage (number of solar keratoses on each anatomic site, telangiectasia of face, nuchal elastosis) according to set protocols. Degree of freckling on the back was graded similarly in the 1992 survey. Using standard questionnaires described elsewhere (4, 5) , information about skin color (8) and present and past occupations (whether mainly outdoors, indoors, or a mixture of indoors and outdoors) was obtained from subjects. Each participant was also asked about typical outdoor recreational exposure, usual number of hours spent outdoors on weekdays and weekends, number of painful sunburns experienced in their lifetime, level of education, parents' countries of origin, smoking and recreational exercise habits, and dietary intake, which was assessed by means of a food frequency questionnaire (5).
Analytic methods
All skin cancers reported by study participants were verified against histologic or clinical records, and only confirmed reports were included in the calculation of incidence rates. Follow-up time and skin cancer incidence were cumulated for all individuals who responded in a reporting period and were distributed according to their contributions to 10-year age-specific bands. Calculated incidence rates were based on newly affected persons, discounting any follow-up time beyond the incidence of the first lesion in the study period (i.e., subsequent skin cancers were not counted). Incidence rates were age adjusted using the world population standard (9).
Poisson regression modeling was used to model the rate ratios of BCC and of SCC according to degree of solar skin damage, skin color, and sun exposure (number of painful sunburns; lifetime occupational and recreational exposure patterns) and as a function of variables relating to education and lifestyle (smoking, recreational exercise, and diet). Estimates of the effect of all risk factors were adjusted for sex and age (10-year age groups), and occupational and leisure exposure were also adjusted for skin color. Logistic regression was used to model the odds of being a mainly outdoor worker according to demographic, phenotypic, sun exposure, and lifestyle factors.
RESULTS
Age-adjusted skin cancer incidence rates were estimated to be 2,528 per 100,000 person-years at risk (pyar) among males and 1,676 per 100,000 pyar among females over the 6 years of follow-up. Incidence rates of BCC alone between 1985 and 1992 were 2,074 and 1,579 per 100,000 pyar, respectively, for males and females, compared with similar estimates of 1,773 and 1,610 per 100,000 estimated for 1985-1987 (4) . Incidence rates of SCC based on 6 years of follow-up were substantially higher than those previously reported for the shorter 2-year period, however. Between 1985 and 1992, incidence rates of SCC were 1,035 and 472 per 100,000 pyar among males and females, respectively, compared with 600 and 298 per 100,000 estimated for 1985-1987 (4) .
The strongest associations of all were with cutaneous signs of solar damage graded by a dermatologist (table 1). Prevalence of nevi was unrelated, whereas degree of freckling on the back was significantly associated with BCC. The majority (92 percent) of study participants were of Australian or Northern European parentage; and within this relatively homogeneous community sample, fair complexion was a strong predictor of risk of developing BCC and SCC. Participants who reported six or more painful sunburns in their lifetime had a significandy increased risk of BCC, and more so of SCC, taking age and sex into account (table 2) . Moreover, the trends of increasing risk of both types of skin cancer with increasing numbers of sunburns were highly significant. Neither occupational nor leisure time sun exposure was associated with BCC or SCC after adjustment for age, sex, and skin color (table 2) . Considering the potential amount of occupational sun exposure experienced by this population, men who had mainly outdoor work spent on average 5.4 hours outdoors each day and women, 4.3. Skin cancer was not associated with smoking habit, frequency of recreational exercise, or dietary energy intake (data not shown).
Because the lack of association between occupational exposure and BCC and SCC may have been linked to a systematic tendency for fair-skinned people to avoid outdoor work, we compared mainly outdoor workers and other people with respect to complexion type and other salient characteristics (table 3) . Although men were approximately six times more likely than women to have mainly outdoor occupations, findings were similar when analyses were performed separately for men and women in outdoor work, and therefore final analyses were combined. The odds of being an outdoor worker increased with age (p < 0.001); in particular, persons born before the mid1940s were more likely to work mainly outdoors than those born after the mid-1960s. Although about 10 percent of the study sample had skins that were olive and tended not to burn, this group had significantly higher odds than the rest of the sample of lifetime outdoor exposure. Proportionately more outdoor workers than other people were represented among those with high numbers of prevalent solar keratoses, those less educated, regular hat wearers, and infrequent users of sunscreen (table 3) . We also assessed the possibility that people who had developed actinic skin conditions may have changed their occupations to lessen their everyday sun exposure by moving to more sheltered occupations. When we compared study subjects' current occupations (reported in 1992) with reported lifetime occupations, we found little occupational change irrespective of degree of actinic skin damage. * No occupational data were available for the remaining 46 subjects In the cohort of 2,095 subjects, t OR, odds ratios; Cl, confidence Interval; Py, significance of test for trend. t All odds ratios were adjusted for sex and age.
DISCUSSION
The very high incidence of skin cancer among Queensland residents was confirmed among residents of Nambour, a typical subtropical Australian community in which new cases were diagnosed annually at the rate of 2,528 per 100,000 men and 1,676 per 100,000 women. Based on accrual of substantially more incident cases of skin cancer, particularly SCC, over 6 years of follow-up, the present estimates of incidence are more precise and higher overall than our Am J Epidemiol Vol. 144, No. 11, 1996 previous estimates (4). These rates are also higher than incidence rates of skin cancer estimated in 1990 in a survey of Australians living at Queensland latitudes (less than 29°) (10), which were based solely on medically treated skin cancers in a single year. When considering only treated skin cancers, however, the incidence of skin cancer in subtropical and tropical Australia is much higher than the estimated rates for Australians living at lower, temperate latitudes (10). These in turn are higher than incidence rates of skin cancer reported in any other white-skinned population (11) . Although it is possible that the tendency to seek medical treatment increased in the study population, the tendency is unlikely to be great because examination surveys took place at the beginning and end of the study period and the only other contact in the interim was postal, on two occasions. However, a heightened awareness of skin cancer in participants cannot be excluded, and its contribution to the increase in incidence over the period of observation is unknown. It is also possible that the incidence of skin cancer is an overestimate because the two screening surveys may have advanced the time of diagnosis of some skin cancers. Because the majority of skin cancer diagnosed in the first survey would have been diagnosed in the subsequent 5-year period, any overestimate would stem from a proportion of the lesions diagnosed during the final survey in 1992. In addition, we know that many persons with suspicious skin lesions waited until the scheduled skin cancer surveys to have these lesions diagnosed.
The associations of skin cancer with pale skin and hair color and a propensity to sunburn are well known (7) and indicate the underlying protective role of skin pigmentation. This is reinforced by the strong association observed between multiple painful sunburns and skin cancer, since sunburn can be seen as an integrated measure of acute solar skin damage that has occurred in inadequately pigmented or protected skin (12) . Eumelanin, one of the skin pigments, affords protection because it absorbs and transforms solar ultraviolet radiation (13) ; and it has been suggested that melanin precursors may also play a protective role against photocarcinogenesis due to their antioxidant activity (14) .
Beyond acute sunburns, the strong associations of BCC and SCC with clinical signs of chronic solar damage, namely prevalence of solar keratoses, telangiectasia, and nuchal elastosis, and the consistent dose-response relations found with increasing grade of skin damage point to the signal importance of chronic sun exposure as a cause of skin cancer. This is also consistent with observations that high grades of topographic photodamage are predictive of skin cancer (15, 16) as evidence exists that silicon impressions taken of the back of the hand reflect the level of solar-induced dermal elastosis seen histologically (17) .
In the face of this objective evidence of the strong link between skin cancer and skin damage due to chronic sun exposure, the lack of association between skin cancer and outdoor work seems paradoxical yet has been observed in many previous studies as reviewed by Kricker et al. (7) and reported recently by Gallagher et al. (18) . The same paradox has been repeatedly observed for cutaneous melanoma as well (6, 19) . Measurement error due to the unavoidable inaccuracy of historical assessment of sun exposure cannot explain the paradox entirely since the number of solar keratoses recorded objectively by a dermatologist was highly predictive of the reported level of occupational sun exposure, providing a crude validation of subjects' categorization of their cumulative outdoor exposure. Bias that is inherent in the comparison of actinic disease in indoor and outdoor workers appears to be a more likely explanation when assessed in these data. The first systematic difference observed was a cohort effect: People who had reached their fifties and sixties were more likely than those still in their twenties and thirties to work mainly outdoors, and age is an independent predictor of skin cancer. This generation effect and their significantly lower education level may also underlie outdoor workers' preference of hats to use of sunscreen. We further found that men and women with olive skin color and with a low susceptibility to sunburn were significantly more likely to report lifetime outdoor work than those with fair or medium skin color. This suggests that selection bias has distorted the association between occupational sun exposure and skin cancer. Outdoor workers tend to be a self-selected group with fewer of the established phenotypic risk factors for skin cancer than those in other occupations, thus explaining the lower than expected risk of skin cancer (and melanoma) among outdoor workers. This is analogous to the lower risk of many diseases that those in the workforce at large enjoy compared with the general population because of self-selection (the "healthy worker effect") (20) .
There was no evidence that people affected by skin cancer or solar keratoses moved to more sheltered indoor pursuits during the 5 years that we observed them. Failure of persons with sun-damaged skin to modify lifelong habits of sun exposure is consistent with other findings that people with skin cancer are resistant to changing their preference for being outdoors. Rather, they use their knowledge to develop Am J Epidemiol Vol. 144, No. 11, 1996 compensation strategies (21) , such as wearing protective clothing, while preserving their habitual lifestyle.
